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BE NE FITS  OF  INO CU LA TION  WITH  AZO TO BAC TER
IN THE GROWTH AND PRO  DUC  TION OF TO  MA  TO
AND PEP  PERS
AB  STRACT: The aim of this re  se  arch was to in  ve  sti  ga  te the ef  fects of Azo to bac ter
chro o coc cum in to  ma  to and pep  per growth and pro  duc  tion by using two types of ino  cu  la  -
tion  —  seed  ino cu la tion  and  se e dling  ino cu la tion.  The  ef fect  of  ino cu la tion  was  ob ser ved
thirty days af  ter sowing, thirty days af  ter tran  splan  ting, and in the pha  se of tec  hno  lo  gi  cal
ma  tu  rity. The following were me  a  su  red: he  ight of the plants, dry mat  ter of the plants and
num  ber and the weight of the fru  its. Ino  cu  la  tion had a po  si  ti  ve ef  fect on the  se in both
plants.  With  to ma to,  bet ter  re sults  were  ac hi e ved  when  se e dlings  were  ino cu la ted.  With
pep  per, the length of the plant and the dry mat  ter were gre  a  ter with se  e  dling ino  cu  la  tion,
whereas the num  ber and the weight of the fru  its were gre  a  ter with seed ino  cu  la  tion.
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IN TRO DUC TION
Azo to bac ter strain is a free-li  ving ni  tro  gen-fixer. It li  ves freely in soil,
growing in abun  dan  ce in the rhi  zosp  he  re with a hig  her con  cen  tra  tion of or  ga  -
nic mat  ter sec  re  ted by plants (Ber kum and Bo  hlool,  1980).  So me ti mes
azo  to  bac  ter li  ves on the very sur  fa  ce of the ro  ot, ma  king a mu  co  us co  ver and
thus cre  a  ting a stron  ger bond with the plant (as  so  ci  a  tion). The amo  unt of
atmosp  he  ric ni  tro  gen fixed by azo  to  bac  ter ran  ges from 50 to 80 kg/ha a year,
de  pen  ding on the con  di  ti  ons in soil. Apart from fixing ele  men  tary ni  tro  gen,
azo to bac ter  pro du ces  bi o lo gi cally  ac ti ve  sub stan ces-auxins,  gib be rel lin,  pyri -
doxine, bi  o  tin, and ni  co  ti  nic acid which can all con  tri  bu  te to plant growth.
The re fo re,  azo to bac ter  can  al so  be  used  as  a  mic ro bi o lo gi cal  fer ti li zer  in  the
pro duc tion  of  non-le gu mes  (Mi liã et al., 2004). Se  ve  ral ino  cu  la  tion tre  at  -
ments can be ap  plied: in  tro  duc  tion of azo  to  bac  ter in  to soil be  fo  re sowing it,
seed  ino cu la tion  be fo re  sowing,  se e dling  ino cu la tion,  and  in tro duc tion  of  azo to -
bac ter  in to  soil  by  me ans  of  ir ri ga tion  du ring  the  ve ge ta tion  pe riod.
71The aim of this re  se  arch was to ob  ser  ve the pos  si  bi  li  ti  es of using Azo to -
bac ter  chro o coc cum in the growth and pro  duc  tion of to  ma  to and pep  per by
ino  cu  la  ting the seed and the se  e  dling.
MA TE RIAL  AND  MET HODS
The experiment was con  duc  ted in cher  no  zem soil with two kinds of
plants:  to ma to  (No vo sad ski  ja bu car  va ri ety)  and  pep per  (Ka li for nij sko  åu do
va  ri  ety). In au  tumn, ma  nu  re was in  tro  du  ced in the soil. The va  ri  ants in the
experiment  were  seed  ino cu la tion,  se e dling  ino cu la tion,  and  con trol  (no  ino cu -
la tion).
Seed ino  cu  la  tion con  si  sted of im  mer  sing 50 g of to  ma  to and pep  per se  eds 
in 15 ml of an ino  cu  lum con  ta  i  ning 108/ml of Azo to bac ter  chro o coc cum cells.
The se  eds were left in the ino  cu  lum for three ho  urs.
Se e dling  ino cu la tion  was  per for med  by  im mer sing  the  ro ot  of  se e dlings  in 
an  ino cu lum  con ta i ning  108/ml of Azo to bac ter  chro o coc cum cells.
The sowing of ino  cu  la  ted and non-ino  cu  la  ted seed was per  for  med in early 
April. The dis  tan  ce between se  eds was 5 cm.
Thirty days af  ter sowing, the plants were dug out and di  vi  ded in  to three
gro  ups of thirty plants. The gro  up I con  si  sted of the plants whose seed was
ino  cu  la  ted. The gro  up II was the plants whose ro  ots were ino  cu  la  ted, and the
gro  up III was the con  trol plants that were not ino  cu  la  ted at all. All the plants
were plan  ted in  to rows. The dis  tan  ce between each plant was 30cm.
The ef  fect of ino  cu  la  tion was ob  ser  ved thirty days af  ter sowing, thirty
days af  ter tran  splan  ting and in the pha  se of tec  hno  lo  gi  cal ma  tu  rity. The length
and the dry mat  ter of the plants were me  a  su  red and the num  ber and weight of
fru its  of  to ma to  and  pep per  was  de ter mi ned.
RE SULTS  AND  DI SCUS SION
Thirty days af  ter sowing the  re was no ef  fect of Azo to bac ter  chro o coc cum
on the length of the plant abo  ve gro  und, ro  ot, or the whole plant of to  ma  to
(Ta ble  1).
Tab. 1. — The ef  fect of ino  cu  la  tion on the length of to  ma  to plants
Variants
30 days after seeding 30 days after transplanting
Above ground
(cm)
Root
(cm)
Above ground
(cm)
Root
(cm)
Control
Inoculation of seed
Inoculation of seedlings
6.820
6.800
1.540
2.060
29.300
35.000
39.233
13.233
20.033
27.267
LSD 1%
5%
2.523
1.521
0.937
0.565
0.814
0.491
0.928
0.560
Thirty days af  ter tran  splan  ting, however, the ef  fect of ino  cu  la  tion was sta  -
ti  sti  cally sig  ni  fi  cant. The abo  ve gro  und part of the ino  cu  la  ted plants was lon  -
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plants was lon  ger by 7—14 cm than the ro  ot of the con  trol plants. A bet  ter ef  -
fect  was  ac hi e ved  when  the  se e dlings  were  ino cu la ted  (ta ble  1).
Thirty days af  ter sowing the pep  per, the length of the abo  ve gro  und part
of the ino  cu  la  ted plants was smal  ler than the length of the con  trol plants. The
length of the ro  ot was the sa  me in both ino  cu  la  ted and non-ino  cu  la  ted plants.
However, thirty days af  ter tran  splan  ting, the to  tal length of the ino  cu  la  ted
plants was gre  a  ter by abo  ut 10—17 cm. As in to  ma  to, the bet  ter ef  fect was
achi e ved  with  se e dlings  ino cu la tion.
Tab. 2. — The ef  fect of ino  cu  la  tion on the length of pep  pers plants
Variants
30 days after seeding 30 days after transplanting
Above ground
(cm)
Root
(cm)
Above ground
(cm)
Root
(cm)
Control
Inoculation of seed
Inoculation of seedlings
4.360
2.580
2.520
2.540
19.133
27.200
32.233
5.553
7.433
9.267
LSD 1%
5%
2.358
1.422
2.358
1.422
1.243
0.750
2.497
1.505
Thirty days af  ter tran  splan  ting, the dry mat  ter mass of the ino  cu  la  ted
plants, espe  ci  ally to  ma  to, was gre  a  ter than the dry mat  ter mass of the non-ino  cu  -
la  ted plants. Se  e  dlings ino  cu  la  tion had a bet  ter ef  fect with both plants (ta  ble 3).
Tab. 3. — The ef  fect of ino  cu  la  tion on dry mat  ter mass of to  ma  to and pep  pers plant
Variants
Dry matter mass of tomato
plant (g plant–1)
Dry matter mass of peppers
plant (g plant–1)
30 days
after seeding
30 days after
transplanting
30 days
after seeding
30 days after
transplanting
Control
Inoculation of seed
Inoculation of seedlings
0.11
0.11
12.25
25.37
52.43
0.069
0.033
7.17
8.24
9.45
LSD 1%
5%
0.001
0.000
1.93
1.16
0.003
0.001
0.112
0.067
Ino cu la tion  with  Azo to bac ter  chro o coc cum had a sig  ni  fi  cant ef  fect on the
num  ber and weight of pep  per and to  ma  to fru  its (Ta  ble 4). With to  ma  to, the re  -
sults were bet  ter when se  e  dlings were ino  cu  la  ted. With pep  per, seed ino  cu  la  -
tion  was  mo re  ef fec ti ve.
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Variants
Tomato Peppers
Number of
fruits per plant
Average weight
of one fruit (g)
Number of
fruits per plant
Average weight
of one fruit (g)
Control
Inoculation of seed
Inoculation of seedlings
 5.77
 7.72
10.20
 59.46
 78.50
105.56
5.33
6.36
5.83
188.36
231.53
211.50
LSD 1%
5%
1.35
0.81
0.788
0.475
1.42
0.86
15.12
 7.43
The use of Azo to bac ter  chro o coc cum in plant pro  duc  tion was al  so ju  sti  -
fied  in  many  ear li er  re se ar ches.  Mi lo še viã et al. (1994) con  clu  ded that
the sa  me stra  ins of Azo to bac ter  chro o coc cum did not pro  du  ce the sa  me ef  fect
in  dif fe rent  va ri e ti es  of  pep per.  Go ve da ri ca et al. (1996) ac  hi  e  ved fa  ster
ger mi na tion  when  cu cum ber  seed  was  ino cu la ted  be fo re  sowing.  Go ve da -
ri ca et al. (1997) ac  hi  e  ved a po  si  ti  ve ef  fect of azo  to  bac  ter on the growth of
pep per.  The  re se ar ches  of  Mr ko vaå ki and Mi  liã (2001) showed that
this  bac te ri um  in cre a ses  the  su gar  con tent  of  su gar  be et.  In  the  re se ar ches  of
ma i ze  pro duc tion  by  Go ve da ri ca et al. (2002) and Haj  nal et al.
(2004),  an  even  ger mi na tion,  a  3%  hig her  yield  and  an  in cre a sed  mic ro bi o lo gi -
cal  ac ti vity  were  ac hi e ved  when  Azo to bac ter  chro o coc cum was ap  plied. Ja  -
rak et al. (2006) ac  hi  e  ved a po  si  ti  ve ef  fect of azo  to  bac  ter on yield of wheat
and  on  mic ro bi o lo gi cal  ac ti vity  in  wheat  rhi zosp he re.  Azo to bac ter  can  be  used
as  an  al ter na ti ve  to  con ven ti o nal  ni tro gen  fer ti li zers.  The  use  of  Azo to bac ter
chro o coc cum in to  ma  to and pep  per pro  duc  tion co  uld re  du  ce the need for ni  tro  -
gen  mi ne ral  fer ti li zers,  which  is  im por tant  both  eco no mi cally  and  eco lo gi cally.
CON CLU SION
— Thirty days af  ter sowing the  re was no ef  fect of Azo to bac ter  chro o coc -
cum on the length and on the dry mat  ter mass of to  ma  to and pep  per plants.
—  Ino cu la tion  of  to ma to  and  pep per  with  Azo to bac ter  chro o coc cum had
a sta  ti  sti  cally sig  ni  fi  cant po  si  ti  ve ef  fect on the length and weight of the plants
thirty days af  ter tran  splan  ting. A bet  ter ef  fect was ac  hi  e  ved when se  e  dlings
were  ino cu la ted.
— The num  ber and weight of pep  per and to  ma  to fru  its were sig  ni  fi  cantly 
hig her  in  ino cu la ted  va ri ants.  Se e dling  ino cu la tion  was  mo re  ef fec ti ve  with  to -
ma to.  Seed  ino cu la tion  was  mo re  ef fec ti ve  with  pep per.
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KO RI SNOST  INO KU LA CI JE  S  AZO TO BAK TE ROM  NA  RAS TE WE
I  NA  PRO DUK TIV NOST  PA RA DAJ ZA  I  PA PRI KE
Mir ja na  N.  Ja rak,  Si mo ni da  S.  Ðu riã,  Bi qa na  D.  Ðor ðe viã
Po qo pri vred ni  fa kul tet,  No vi  Sad,  Trg  D.  Ob ra do vi ãa  8,  Sr bi ja
Re zi me
Azo to bak ter  spa da  u  slo bod ne  azo to fik sa to re.  U  za vi sno sti  od  so ja  i  uslo -
va  sre di ne,  azo to bak ter  mo ÿe  fik si ra ti  50  do  80  kg  azo ta  po  hek ta ru  go di šwe.
Osim  što  usva ja  ele men tar ni  azot,  on  pro du ku je  i  ma te ri je  ko je  po spe šu ju  rast
bi qa ka.  Zbog  tih  svoj sta va  azo to bak ter  se  pri me wu je  kao  bi o fer ti li za tor.  Po -
sto je  raz li åi ti  na åi ni  pri me ne  azo to bak te ra  —  u  ze mqi šte  pre  se tve,  na  se me
i na ra  sad.
Ciq  is tra ÿi va wa  je  bio  da  se  is pi ta  efe kat  pri me ne  Azo to bac ter  chro o coc -
cum  u  pro iz vod wi  pa ra daj za  i  pa pri ke  ko ri šãe wem  dva  na åi na  ino ku la ci je  —
ino ku la ci ja  se me na  i  ino ku la ci ja  ra sa da.  Uti caj  ino ku la ci je  is pi ti van  je  tri -
de set  da na  po sle  se tve,  tri de set  da na  po sle  ra sa ði va wa  i  u  fa zi  teh no lo ške
75zre lo sti.  Is pi ti va ni  su  vi si na  bi qa ka,  su va  ma sa  bi qa ka,  broj  plo do va  i  ma sa
sve ÿih  plo do va.
Tri de set  da na  po sle  se tve  ni je  bi lo  uti ca ja  Azo to bac ter  chro o coc cum na du  -
ÿi nu  i  su vu  ma su  bi qa ka.  Ino ku la ci ja  pa ra daj za  i  pa pri ke  ima la  je  zna åa jan
uti caj  tri de set  da na  na kon  ra sa ði va wa.  Bo qi  efe kat  ima la  je  ino ku la ci ja  ra sa -
da. Broj i te  ÿi  na plo  do  va kod obe biqne vr  ste bi  li su zna  åaj  no ve  ãi na ino  ku  -
li sa nim  va ri jan ta ma.  Ino ku la ci ja  ra sa da  ima la  je  bo qi  efe kat  kod  pa ra daj za
dok  je  kod  pa pri ke  bo qi  efe kat  ima la  ino ku la ci ja  se me na.
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